Sinus histocytosis with massive lymphadenopathy, also known as Rosai-Dorfman Disease (RDD), is an idiopathic histiocytic proliferation affecting lymph nodes. Although extranodal involvement has been reported in diverse sites, central nervous system (CNS) manifestation, particularly in the absence of nodal disease is uncommon. We report 11 cases of RDD primary to the CNS without evidence of other sites of involvement. The cases included 7 males and 4 females ranging in age from 22 to 63 years (mean: 41 y). The patients presented with headaches, seizures, numbness, or paraplegia. Eight cases involved the cranial cavity and three cases, the spinal canal. Lesions were most often extra-axial and dura based. Only one presented in the CNS parenchyma. Histologically, the lesions consisted of variable numbers of pale-staining histocytes with emperipolesis often overshadowed by extensive lymphoplasmacytic infiltrates and fibrosis in the background. Special stains for organisms were negative. By immunohistochemical analysis, the characteristic histiocytes were positive for S100 protein and CD68 and negative for CD1a. Treatment consisted of surgical biopsy or excision. Follow-up, available for 10 cases with intervals ranging from 5 days to 42 months (mean: 15 mo), disclosed one patient dying of operative complications 5 days after biopsy and nine patients with no evidence of disease progression RDD should be considered in the differential diagnosis of inflammatory lesions of the CNS. Our study suggests that this entity may have been misdiagnosed in the past as plasma cell granuloma or inflammatory pseudotumor.
In 1969, Rosai and Dorfman described a benign histiocytic proliferative disorder that they named sinus histiocytosis with massive lymphadenopathy (SHML, Rosai-Dorfman disease; 1). In its classic form, the disease presents in children and adolescents with massive painless cervical lymphadenopathy, often with associated fever, mild anemia, polyclonal hypergammaglobulinemia, and an elevated sedimentation rate (2) . Extranodal RosaiDorfman Disease (RDD) has been reported in approximately 43% of cases, either alone or in association with lymphadenopathy. The most common extranodal sites include the skin, orbit, and upper respiratory tract (2) ; involvement of the central nervous system (CNS), especially in the absence of nodal disease, is rare. The goal of this study was to document the clinicopathologic features of 11 cases of RDD-CNS and to describe criteria for distinguishing this disorder from similar-appearing infectious and from neoplastic and nonspecific reactive conditions.
MATERIALS AND METHODS
A search of the files of the Neuropathology Registry at the Armed Forces Institute of Pathology (Washington, DC) from 1977 to the present disclosed 11 cases of RDD-CNS, one of which has previously been reported by the original contributors (3, 4) . Hematoxylin and eosin-stained slides and a clinical history were available for each case; radiographic studies were reviewed in one case. Clinical follow-up was obtainable for 10 of 11 cases. Special stains for organisms including Grocott methenamine silver, Ziehl-Neelsen, Brown-Hopps Gram stain, periodic acid-Schiff, and Warthin Starry were performed in eight cases. Immunoperoxidase evaluation using the avidin-biotin-complex method of Hsu (5) was performed using a panel of antibodies (Table 1) . Enzyme enhancement involved 0.04% pepsin at pH 2.0 for 20 minutes at 40°C. Microwave antigen retrieval involved heating sections in a microwave oven in 1 mmol/L EDTA buffer solution at pH 8.0 for 10 minutes.
RESULTS

Clinical Findings
The clinical data is summarized in Table 2 . There were seven males and four females, ranging in age from 22 to 63 years (mean age: 42 y). The eight patients with intracranial lesions came to medical attention because of headaches, seizures, or visual loss. The three patients with spinal disease presented with spastic paraparesis or paraplegia. All except one case manifested extraparenchymal disease associated with the dura. Case 8, which was previously reported (3, 4) , presented with an intramedullary spinal cord lesion unassociated with any extramedullary component. None of the patients was febrile or demonstrated lymph node involvement either at presentation or subsequently. One patient disclosed mild normochromic, normocytic anemic and polyclonal hypergammaglobulinemia on preoperative evaluation. An elevated erythrocyte sedimentation rate was detected in two of the three cases in which this test was performed. The most common clinical diagnosis was meningioma, which was the working preoperative diagnosis in seven of eight patients with intracranial disease.
Magnetic resonance imaging studies from Case 9 disclosed a lesion involving the dura at the right orbital apex and cavernous sinus region (Fig. 1) . The lesion displayed slightly hyperintense signal in T1W images, enhanced markedly after gadolinium administration, and showed hypointensity on T2W studies. Magnetic resonance image studies from Case 11 showed a 5 ϫ 1-cm extra-axial mass along the occipital bone that enhanced uniformly after gadolinium administration.
Pathologic Findings
Histologically, all 11 cases showed nodular cellular infiltrates composed of histiocytes mixed with plasma cells and lymphocytes in a background of increased collagen and/or reticulin fibers (Fig. 2) . The typical histiocyte showed indistinct cellular margins and contained abundant cytoplasm, which was clear to eosinophilic and finely or coarsely vacuolated. The nuclei were round or oval and demonstrated a vesicular chromatin pattern and a single small nucleolus. Grooved or lobulated nuclei were not prominent. Occasional histiocytes were multinucleated. Unequivocal emperipolesis could be identified in hematoxylin and eosin-stained sections in seven cases (Fig. 3) . Examination of immunostained sections facilitated the recognition of emperipolesis in the remaining four cases. The phagocytized cells were most often lymphocytes, but plasma cell and erythrocytes could also be occasionally seen engulfed within the histiocyte cell cytoplasm.
The lymphocytic and plasma cell infiltrates were composed of mature cells (Fig. 4) . In several cases, the nonhistocytic infiltrates obscured the histiocytic population. Binucleate plasma cells and intracytoplasmic eosinophilic inclusions (Russell bodies) were commonly observed. Blood vessels were frequently outlined by cuffs of plasma cells and/or lymphocytes. Necrosis, well-formed granulomas, and eosinophilia were consistently absent. Microorganisms were not detected in any of the cases examined.
The characteristic histiocytes were strongly positive for S-100 protein and CD68 (Fig. 5 ). Seven cases were negative when examined for CD1a. Staining for CD20 and CD3 showed a mixed population of B and T lymphocytes in the background. Kappa and lambda light immunohistochemistry showed polytypic staining in the plasma cell infiltrates. The stain for EMA decorated plasma cells but no other cellular constituents in the three cases tested.
Treatment and Follow-Up
All patients underwent surgery with biopsy, subtotal excision, or resection of the symptom producing mass. None of the patients were treated with radiation or chemotherapy. One patient died from surgical complications 5 days after craniotomy. Follow-up intervals in 9 of the 10 remaining patients ranged from 2 to 42 months, with a mean of 15 months. In cases with complete local excision, there has been no evidence of recurrence, and in cases with subtotal resection, clinical or radiographic progression of disease has not been observed.
DISCUSSION
With an estimated incidence of approximately 100 cases per year in the United States, RDD is a rare condition, even in its classic nodal presentation. Although extranodal disease is seen in up to 43% of cases, CNS involvement characterizes less than 5% of the patient total (2, 6). Of the 37 previous cases of RDD-CNS, 26 were intracranial (2, 7-22), eight involved the spine (2-4, 23-26), and three had both spinal and intracranial disease (12, 18) . Most intracranial tumors were associated with the dura, thereby mimicking meningioma both clinically and radiographically. Aside from Case 8, which had an unusual intramedullary location, previous cases of spinal RDD were likewise dura-based masses. RDD-CNS shows a predilection for males and typically presents during the fourth to fifth decade, in contrast to nodal-based RDD, with a mean age of presentation of 20.6 years (2, 9). The symptoms at presentation reflect the site of disease and include seizures, headaches, cranial nerve deficits, and paraparesis. Rare cases with sella involvement have presented with symptoms related to pituitary dysfunction (12, 15) . Although none of the cases in this series had lymph node involvement or other sites of involvement, approximately half of the previously reported cases had disease outside of the CNS, most commonly cervical lymph nodes, skeletal system, or salivary gland (2, 11) .
The histologic features of RDD-CNS are similar to those of lymph nodes. Cytologically, the infiltrates are composed of variable numbers of histiocytes intermixed with plasma cells and lymphocytes. As illustrated by the contributor diagnoses in our cases, the diagnosis of RDD-CNS often presents difficulties. Emperipolesis, a consistent finding in nodal disease, is often less apparent in extranodal sites (2) and could be confidently identified in only 7 of 11 cases by hematoxylin and eosin staining morphology. Fibrosis, another feature commonly seen in extranodal sites, was prominent in all cases and often obscured the histiocytic proliferation. S100 protein immunostaining dramatically increased the visibility of the histiocytes, making their true proportion in the cellular infiltrate readily apparent.
Histologic differential diagnostic considerations include several hematopoietic and primary CNS lesions. Lymphoplasmacytic meningioma elicits a pronounced chronic inflammatory reaction, which may be confused with the infiltrates of RDD-CNS (27) . Recognition of typical meningioma histology coupled with confirmatory immunostaining for epithelial membrane antigen readily differentiates these two processes. Langerhans histiocytosis often presents as discrete nodules attached to the dura and may exhibit a xanthomatous appearance microscopically. Cytologically, the nuclei of RosaiDorfman histiocytes lack the lobation and longitudinal nuclear grooves characteristic of Langerhans cells. Eosinophils, often prominent in Langerhans histiocytoses, are not conspicuous in the cellular infiltrates of RDD. Although RDD and Langerhans' cell histiocytosis are both immunoreactive with S100, CD1a is usually negative in SHML (28, 29) . Because of the presence of fibrosis, RDD-CNS may have a distinctly nodular appearance suggestive of the nodular sclerosing variant of Hodgkin's disease. Hodgkin's disease occurring in the CNS is extremely rare and is typically associated with relapse (30) . Although classic Reed Sternberg cells are readily distinguished from RDD histiocytes, mononuclear variants, particularly lacunar cells may mimic SHML histiocytes. Classic Reed Sternberg cells and variants, however, lack emperipolesis and S100 immunoreactivity and are typically positive for CD15 and CD30. Intracranial involvement by plasmacytoma is also rare but well documented (31, 32) . Similar to the case of RDD-CNS, the lesions are attached to the dura and radiographically resemble meningioma. This diagnosis is easily excluded by demonstrating that the plasma cell infiltrates of RDD-CNS are polyclonal.
As described in the literature, plasma cell granuloma is a discrete, dura-based inflammatory mass with associated fibrosis (33) (34) (35) (36) . We believe that many lesions previously reported as CNS plasma cell granulomas or inflammatory pseudotumors are, in fact, RDD-CNS. Mirra et al. raised this possibility as early as 1983 (37) , and the premise was echoed by Song (21) and by Burger and Scheithauer (38) . Several historic and current case reports of CNS plasma cell granuloma make no mention of the histiocytic contribution, if any, to the lesion's cellular infiltrate, and they omit immunostaining for S-100 and histiocytic markers from the pathologic investigation. Of note, the accompanying pathologic illustrations show characteristic architectural and cytologic features of RDD, including, in some instances, unrecognized emperipolesis. We recommend that before rendering a diagnosis of plasma cell granuloma, RDD-CNS should be excluded through careful evaluation for emperipolesis and S100 immunostaining.
Follow-up data was available for 43 patients, including 10 of 11 patients in this series. Interestingly, this site of involvement did not adversely affect prognosis. The majority of patients (58%) were alive with persistent disease, whereas only two patients (4.7%) had died of RDD-CNS or related surgical complications. Although a variety of treatment modalities have been used including steroid therapy and radiation, surgical resection appears to be the most efficacious approach (8, 10) .
The etiology of SHML/RDD is not well understood. The immunophenotypic profile and studies of monokine expression suggest derivation from activated macrophages, which have been shown to produce interleukin-I␤ and tumor necrosis factor-␣ (39) . Although an infection has been suggested as an underlying cause, a definitive agent has never been isolated (2) . Molecular studies using polymorphic regions of the human androgen receptor locus have demonstrated that RDD is a polyclonal disor-der (40) , in contrast to the Langerhans cell histiocytosis, which is monoclonal (41) .
In conclusion, we summarize our experience derived from 11 cases of RDD-CNS, 10 of which have not been previously reported. Although rare in the CNS, RDD typically presents as a dura-based mass in the cranial cavity or spinal cord that may or may not be associated with nodal disease. This disorder has probably been underdiagnosed in the past and should be included in the differential diagnosis of fibrotic chronic inflammatory lesions of the CNS.
Here is a book that intends to fill the gap between a textbook and a manual in ophthalmic pathology. To this end the author provides a comprehensive text and a good selection of illustrations, arranged in a topographic fashion matching the current ophthalmologic subspecialties. The book includes chapters on diseases of the ocular globe, the lacrimal apparatus, and the orbit. There is also a chapter titled 'Laboratory Techniques and Special Stainings,' describing the techniques for the examination and processing of enucleated ocular globes. It also emphasizes the necessary communications between practitioners of ophthalmology and pathology.
Each chapter in this book begins with a comprehensive presentation of main categories of eye disease, followed by an introduction to the various ophthalmologic conditions and a list of pertinent references. The illustrations make up the bulk of the work. There are also some diagrams. Overall, almost all clinical photographs, gross pathology photographs, and microphotographs are of high quality and masterfully presented. Those dealing with cataracts and glaucoma are most welcome because their histopathology is frequently overlooked despite the fact that these are very common diseases. Each illustration has an appropriately descriptive legend. The emphasis is on diagnostic features of each disease, and, accordingly, most photographs deal with the usual rather than the unusual aspects of ophthalmic pathology. However, because many pathologists have never seen the cytoplasmic inclusions of chlamydial conjunctivitis (trachoma), why not include them in this basic text?
The author certainly has accomplished a great task and has produced a very useful book that will be used by residents in ophthalmology and pathology, but also by practicing ophthalmologists and interested pathologists. It conveys a unitary outlook of the subject that only a lifetime experience and single authorship could allow. As a hardcover volume in a landscape format, it can be kept conveniently open during a pathologic dissection of the eye, or next to the microscope while the student is trying to match the microscopic specimen with well-chosen pictures in this atlas.
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